Abstract. In this work, CaP nanoparticles were prepared by wet chemical precipitation using three different approaches and were characterised and quantified in terms of their composition. Different precipitating, ageing and drying temperatures were applied and affected HA to TCP ratio. Sintering induced formation of large agglomerates and affected the relative composition, specifically, increased concentrations of TCP as proved by SEM, FTIR and XRD. Different reactants also affected chemical final product composition. Contacts with fibroblasts and osteoblasts revealed better adhesion to sintered substrates.
Introduction
Calcium phosphate-based ceramics have proved to be attractive materials for orthopaedic applications. Among these bioceramics, particular attention has been given to hydroxyapatite and tricalcium phosphate due to their bioactivity and biocompatibility. The search for materials similar to the main mineral component of bone led to the development of nanoparticles. New trends in this field focus on simulating the mineral structure of bone by calcium phosphate materials resulting from agglomerated nanoparticles. The present study used a wet chemical precipitation method to prepare hydroxyapatite and tricalcium phosphate [1] [2] [3] and characterized their physico-chemical properties and cytocompatibility.
Materials and Methods
Preparation and characterization of nanoparticles. HA nanoparticles were prepared by wet precipitation under stirring and nitrogen bubbling, using three different methods. In the first case (A), orthophosphoric acid (H 3 PO 4 ) was added to a solution of calcium hydroxide (Ca(OH) 2 ) and lactic acid (CH 3 CH(OH)COOH) till the Ca/P ratio was 1.67. The pH of the homogeneous solution was adjusted to 10 by adding ammonium hydroxide (NH 4 OH). Crystal growth took place at room temperature (Sample A1) and at 4ºC (Sample A2) for 24 hours. After drying (T=60ºC), part of each material batch was sintered at 1100ºC for 1 h. In the second case (B), H 3 PO 4 was added to a solution of calcium carbonate (CaCO 3 ) and acetic acid (CH 3 COOH) till the Ca/P ratio was 1.67. Crystallisation started after ammonium hydroxide was added at room temperature and pH = 10. Crystal growth took place at room temperature over 24 hours. After drying (T=60ºC), part of each material batch was sintered at 1100ºC for 1 hour (sample B1). The same procedure was applied in the preparation of sample B2 but crystal formation took place at 90ºC for 3 hours. Sample B3 was prepared using the methods described for sample B1, but the resultant material in this case was dried at 110ºC. In the third approach (C), various amounts of Ca(NO 3 ) 2 ·4H 2 O but the same amount of (NH 4 ) 2 HPO 4 were used to obtain several (in the range 1.45 to 1.75) Ca/P ratios (samples C1 to C6). These precipitates were dried and sintered at 1100 o C. The dried samples were analysed before and after sintering. Elemental composition and the presence of impurities were determined by x-ray dispersive spectroscopy (EDS) for the non-sintered (ns) and sintered (s) samples. The surfaces of these materials were examined by scanning electron microscopy (SEM). The crystalline phases before and after heat treatment were characterised by x-ray diffraction (XRD). For infrared spectroscopy measurements (FTIR), the specimens were diluted 100 fold with KBr powder. The HA and TCP compositions were determined with the help of a calibration curve prepared using mixtures of known HA/TCP ratios. Cell Attachment. Cultured cells, both rat calvaria osteoblasts (isolated and characterized according to established methods [4] at population number 3) and rat-skin fibroblasts (purchased from, and characterized by, the American Type Culture Collection; population number 14-16), in Dulbecco's modified Eagle's medium (containing 10% FBS) were seeded (3500 cell/cm 2 ) per substrate and allowed to adhere in a 37ºC humidified, 5% CO 2 /95% air environment for 4 hours. Adherent cells were stained with Hoechst 33342 and counted using fluorescence microscopy. Numerical data were statistically analyzed using ANOVA and the Tukey test; significance was considered at p< 0.05.
Results and Discussion
Elemental analysis. The Ca/P ratios of samples A1 and A2 (Table 1) were slightly different from the intended 1.67 and 1.5, respectively, probably due to heterogeneities in the material and presence of contaminant (such as magnesium) ions. Particle morphology of non-sintered (ns) and sintered (s) material. The representative scanning electron micrographs of Fig.1 illustrate the materials revealing two distinct morphologies: spherical particles (with diameters in the range or 60-150 nm) on the non-sintered (Fig.1a) , and agglomerates that formed both porous (Fig.1b) and non-porous arrangements on the sintered substrates with grain size with diameter in the range 400-600 nm.
Crystallinity of the non-sintered (ns) and sintered (s) materials. FTIR and XRD analyses (Figs 2 and 3) revealed that non-sintered materials contained mainly poorly crystallized HA with carbonate ions (peaks at 874, 1420 e 1485 cm -1 of the FTIR spectra) [5] . Small amounts of dicalcium phosphate dihydrate (peak at 1646 cm -1 ) and tricalcium phosphate (peaks at 947 and 1122 cm -1 ) were also present. In contrast, the sintered materials contained noncarbonated HA and TCP. Strong peaks at 1212 and 935 cm -1 and peak at 725 cm -1 were attributed to b-calcium pyrophosphate in sintered sample s -B3. 
Bioceramics 16
The ageing and drying temperatures affected the HA/TCP ratios; ageing at lower temperature resulted in increase TCP content while drying temperature of 110ºC promoted the formation of calcium pyrophosphate (s-B3).
The Ca/P ratios and percentage HA composition were determined (Table 2 ) using a calibration curve prepared with the XRD analysis data of various HA/TCP mixtures of known composition. The ratios of the highest peak intensities of the two components (HA and TCP) were used to calculate the HA percentage; the correlation between the experimental and theoretical results ( Figure 4 ) was good (R = 0,9957) and proved to be effective in quantifying relative compositions. The reagents composition and the different temperatures used for precipitation, ageing and drying affected the HA to TCP ratios. As observed from the analysis of relative HA weight percentages (Table 2 ), ageing at lower temperature (4ºC), precipitating at higher temperature (90ºC) or drying at higher temperature (110ºC) resulted in a relative decrease of HA content. 
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For C samples, calcium phosphates with Ca/P ratios less than that of hydroxyapatite (1.67) contained TCP. As the ratio increased from 1.45 to 1.67 the percentage of hydroxyapatite increased too. Traces of CaO were found for the 1.75 ratio. Comparing the three different precipitation approaches using Ca/P=1.67, a higher percentage of HA was obtained following the C method. Cell Attachment. Osteoblasts and fibroblasts attached similarly to the three non-sintered B substrates. Also these cells attached similarly to the three sintered B substrates (Fig. 5) . Attachment on the sintered substrates, however, was significantly better than on non-sintered ones. It is possible that pH changes in the vicinity of these less crystalline, and subsequently more soluble, substrates create a micro-environment not favouring cell attachment. There were no significant differences observed in terms of the different materials (B1, B2 and B3), both for non-sintered and sintered substrates.
Same conclusions may be drawn for fibroblasts adhesion on the surface of tested materials. These results apparently indicated that the chemical structure did not affect cell adhesion.
Comparing osteoblasts and fibroblasts behaviour in contact with these materials, lower adhesion of the former cells is statistically significant except for non-sintered B2.
Conclusions
The wet chemical precipitation method used to prepare nanoparticles proved to be successful. Optimization of the experimental conditions is, however, required in order to obtain pure and homogeneous HA and to tailor the HA/TCP ratios. Apart from inducing formation of larger agglomerates and crystals, sintering of the nanoparticles also affected their chemical composition by increasing TCP formation. The aging and drying temperatures also affected both the HA/TCP ratio and particles size. Sintered materials prepared according to method B, promoted cell attachment, a pre-requisite of subsequent functions of anchorage dependent cells. 
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